(19) 


J 



(12) 


Europdisches Patentamt 
European Patent Office 
Off fee europSen des brevets (11) EP 0 786 591 A2 

EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

30.07.1997 Bulletin 1997/31 

(21) Application number: 96306387.0 

(22) Date of fifing: 03.09.1996 


(51) Intel. 6 : F02M1/16, F02M 17/04, 
F02M 1/02 


(84) 

Designated Contracting States: 

• Collins, Imack L. 


CH DE DK ES Fl FR GB IE IT LI NL PT SE 

Shreveport, Louisiana 71118 (US) 



• Sadler, Jeffrey G. 

(30) 

Priority: 29.01.1996 US 593084 

Shreveport, Louisiana 71119 (US) 



• Ferlttb, Michael J. 

(71) 

Applicant: WCI OUTDOOR PRODUCTS, Inc. 

Bossier City, Louisiana 71111 (US) 


Cleveland, Ohio 441 1 1 (US) 

(72) 

Inventors: 

(74) Representative: Pratt, David Martin et al 

Withers & Rogers, 

• 

Tuggle, Lloyd H. 

4 Dyer's Buildings, 


Shreveport, Louisiana 71119 (US) 

Holborn 



London EC1N2JT (GB) 


CM 
< 

m 
to 


(54) Fast start fuel system for an internal combustion engine 


(57) A fuel delivery system for an internal combus- 
tion engine. The fuel delivery system includes a carbu- 
retor housing having an air passage (30) with a throttle 
valve (35) disposed therein. The air passage has an 
inlet (31) and an outlet (32). The outlet is in communica- 
tion with the engine. Means are provided for simultane- 
ously opening the throttle valve, restricting air flow into 


the air passage and injecting a predetermined volume 
of fuel into the air passage before the engine is started. 
Other means are provided for automatically adjusting 
the restriction of air flow and the predetermined volume 
of fuel to compensate for changes in ambient tempera- 
ture. 
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Description 

BA£KGRQjJND OF THE INVENTION 

1 . Held of the Invention s 

The present invention is directed to a fuel delivery 
system for an internal combustion engine, and more 
particularly to a method and apparatus for improving the 
cold starting characteristics of an internal combustion 10 
engine having a diaphragm carburetor. 

2. Description of the Related Art 

Hand held power devices such as chainsaws. is 
hedge trimmers, line trimmers and edgers are often 
powered by small internal combustion engines outfitted 
with diaphragm carburetors. Generally, a diaphragm 
carburetor has an air passage with a venturi, a dia- 
phragm pump, a needle valve and a metering chamber 20 
containing a spring biased diaphragm. The outlet of the 
air passage leads to the crankcase of the engine. A 
throttle valve of the butterfly type is typically mounted in 
the air passage to control the amount of fuel and air 
entering the crankcase. 25 

Fuel is drawn into the carburetor by the diaphragm 
pump, which is connected to the metering chamber 
through the needle valve. The metering chamber, in 
turn, is connected to the air passage through supply 
passages fitted with one-way valves. The supply pas- 30 
sages open to the air passage through a plurality of out- 
let ports. The opening and closing of the needle valve 
and, thus, the flow of fuel into the metering chamber is 
controlled by a spring biased diaphragm, which is 
mounted inside the metering chamber. 35 

During normal operation of the engine, pulses of 
pressure from the engine cause the diaphragm pump to 
pump fuel from a storage tank up to the needle valve. 
Subatmospheric air pulses passing through the venturi 
create a negative pressure in the metering chamber, 40 
) causing a displacement of the metering chamber dia- 
phragm. The displacement of the diaphragm opens the 
needle valve and permits fuel to enter the metering 
chamber. The fuel exits the metering chamber through 
the outlet ports and enters the air passage where it is 45 
atomized. Eventually, the flow of fuel into the metering 
chamber increases the pressure in the metering cham- 
ber, causing the diaphragm to close the needle valve 
and stop the flow of fuel. As the fuel empties from the 
metering chamber, the pressure in the metering cham- so 
ber drops until the diaphragm is again displaced and the 
needle valve opens. In this manner, the diaphragm in 
the metering chamber continually opens and closes the 
needle valve, thereby introducing metered amounts of 
fuel into the air passage. 55 

Since the delivery of fuel in a diaphragm carburetor 
is not dependent upon gravity, the operation of a dia- 
phragm carburetor is not affected by its spatial orienta- 
tion. Accordingly, diaphragm carburetors are ideally 


suited for use in power devices such as chainsaws that 
may b held by an operator in a variety of positions. 
Engines utilizing diaphragm carburetors, however, tend 
to be difficult to start after a period of non-use because 
of an initial absence of fuel in the metering chamber and 
the diaphragm pump. Air choke mechanisms are uti- 
lized to remedy this situation. However, most air choke 
mechanisms are unable to quickly and efficiently estab- 
lish a proper air to fuel ratio and can flood the engine by 
introducing excess fuel into the engine. 

Air choke mechanisms are usually comprised of 
slide valves or butterfly valves. Typically, a butterfly 
valve will be rotatably mounted inside the air passage 
near the inlet. The butterfly valve often has a small ori- 
fice passing therethrough. Usually, the butterfly valve 
can be rotated between three different positions: an 
open position, a half-choke position and a full choke 
position. When the butterfly valve is in the open position, 
the inlet to the air passage is substantially open. In the 
half-choke position, the butterfly valve is partially closed 
and, thus, partially blocks the inlet to the air passage. In 
the full-choke position, the butterfly valve is closed and 
blocks the inlet to the air passage except for the small 
orifice. When the engine is cranked during starting, by a 
pull rope or otherwise, air is drawn out of the air pas- 
sage and into the engine. If the choke mechanism is in 
a full-choke position or a half-choke position, the with- 
drawal of air creates a negative pressure condition in 
the air passage. Of course, the amount of pressure 
reduction is greater in the full-choke position than in the 
half-choke position. The negative pressure in the air 
passage creates a negative pressure in the metering 
chamber which displaces the diaphragm and allows fuel 
to enter the metering chamber and thence the air pas- 
sage, where it mixes with air to create an air/fuel mix- 
ture. 

During the initial cranking cycle, the choke mecha- 
nism is placed in a full-choke position to create a maxi- 
mum vacuum in the air passage. In addition, the throttle 
valve is fully opened to permit the maximum vacuum to 
be applied to the outlet ports so as to create a maximum 
fuel draw. The opening of the throttle valve also permits 
a maximum amount of the air/fuel mixture to reach the 
crankcase of the engine. In the full-choke position, how- 
ever, the air/fuel mixture is very fuel-rich since only a 
small quantity of air can enter the air passage through 
the choke mechanism. As the engine begins to fire, 
more air is required to provide an adequate air/fuel ratio 
to keep the engine running. Accordingly, the choke 
mechanism must be moved to the half-choke position 
as soon as the first internal explosion, or "pop" occurs in 
the engine. If the choke mechanism is left in the full- 
choke position for too many cranking cycles after the 
"pop" occurs, the engine will become flooded with fuel 
and will not start. The engine will have to be allowed to 
rest long enough to permit the excess fuel in the crank- 
case and/or the combustion chamber to evaporate and 
a proper fuel-air mixture to be restored. 

In the half-choke position, the choke mechanism 
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increases the air content in the air/fuel mixture, but still 
provides a rich-running condition required by the engine 
during warm-up. After the engine has been running for a 
few seconds, the choke mechanism must be moved 
from the half-choke position to the open position to pro- 
vide a correct air/fuel ratio. 

As can be appreciated, the foregoing starting pro- 
cedure is cumbersome and requires a skilled operator. 
Accordingly, a variety of priming systems have been 
developed to help improve the starting characteristics of 
internal combustion engines with diaphragm carbure- 
tors. The object of these priming systems is to introduce 
fuel into the air passage as soon as the engine cranking 
cycles are started. One example of a priming system is 
the air purge system disclosed in U.S. Patent No. 
4,271,093 to Kbbayashi, incorporated herein by refer- 
ence. In Kbbayashi, a manually operable resilient pres- 
sure dome is connected to the metering chamber and 
an opening to the atmosphere. When the pressure 
dome is repeatedly depressed, air from the metering 
chamber is pulled into the pressure dome and expelled 
through the atmospheric opening, thereby creating a 
subatmospheric pressure in the metering chamber. The 
negative pressure opens the needle valve, partially fill- 
ing the metering chamber with fuel. When the engine 
cranking cycles begin, the fuel in the metering chamber 
is pulled into the air passage through the outlet ports. 
The amount of fuel in the metering chamber, however, is 
often insufficient to start the engine, necessitating fur- 
ther engine cranking cycles with the air choke mecha- 
nism at a full-choke position. Thus, the Kobayashi 
system does not eliminate the full-choke and half-choke 
starting procedure. 

In a priming system disclosed in US. Patent No. 
4,936,267 to Gerhardy, incorporated herein by refer- 
ence, the diaphragm in the metering chamber is 
mechanically deflected by a push rod prior to starting. A 
positioning lever is connected to both the push rod and 
a throttle valve. Prior to starting, the positioning lever is 
pivoted so as to simultaneously move the throttle and 
) depress the push rod. The depression of the push rod 
deflects the diaphragm and opens the needle valve, 
permitting fuel to enter the metering chamber. The fuel 
exits the metering chamber through channels that open 
into the air passage. Since fuel continues to flow into the 
metering chamber and air passage until the push rod is 
manually released, the Gerhardy system is conducive 
to flooding. 

In U.S. Patent No. 4,508,068 to Tuggle, incorpo- 
rated herein by reference, a priming system is disclosed 
wherein fuel is injected directly into the air passage. In 
addition to a metering chamber, the Tuggle system has 
a reservoir chamber with a flexible diaphragm wall. The 
reservoir chamber has an inlet connected to a fuel line 
leading to a fuel tank with a manually operated plunger 
pump. An outlet in the reservoir chamber is connected 
to a flow restricting orifice that opens into an intake 
manifold portion of the engine downstream of the air 
passage and the throttling valve. When the plunger 


pump is depressed, fuel is drawn from the fuel tank and 
pumped into the reservoir chamber through the fuel line. 
When the engine cranking cycles begin, the fuel in the 
reservoir chamber is pulled into the manifold through 

5 the restricting orifice. This operation of the Tuggle sys- 
tem is also conducive to flooding because the plunger 
pump can be depressed too many times, forcing an 
excessive amount of fuel out of the reservoir chamber 
and into the manifold. 

w In U.S. Patent No. 4,893,593 to Sejimo et al, incor- 
porated herein by reference, a direct fuel introduction 
system is disclosed for an internal combustion engine 
having an electric starter motor. In addition to having a 
metering chamber and other conventional diaphragm 

is carburetor components, the Sejimo system includes a 
primer pump coupled to the electric starter motor, a fuel 
reservoir and a fuel metering device, which is separate 
and distinct from the metering chamber. Before the 
engine is started, the starter motor and, thus, the primer 

20 pump are placed into reverse. When the primer pump is 
reversed, a negative pressure is created in the metering 
chamber, causing the needle valve to open and emit 
fuel into the metering chamber. Fuel exits the metering 
chamber, fills part of the fuel metering device and then 

25 continues into the fuel reservoir. When the starter motor 
and, thus, the primer pump are placed into forward dur- 
ing starting, the primer pump draws fuel from the fuel 
reservoir and pumps it into the filled chamber of the 
metering device, causing the fuel contained therein to 

30 be ejected into the air passage. 

As can be appreciated, the foregoing prior art prim- 
ing systems have various drawbacks. The Kobayashi 
system does not eliminate the need for a full-choke/half- 
choke starting procedure. The Tuggle system and the 

35 Gerhardy system are conducive to over-priming, which 
can lead to engine flooding. The Sejimo system can 
only be used with engines having electric starters. 
Accordingly, there is a need in the art for a fuel delivery 
system that can quickly start an internal combustion 

40 engine without requiring the use of an electric starter 
motor and without being susceptible to over-priming. In 
addition, and more specifically, there is a need in the art 
for a carburetor that can quickly start an internal com- 
bustion engine without being susceptible to over-prim- 

45 ing and without requiring an electric starter motor. 
There is also a need in the art to have a method for pre- 
paring an internal combustion engine for starting and a 
method for starting an internal combustion engine that 
do not require the use of an electric starter motor and 

so are not susceptible to over-priming. The present inven- 
tion is directed to such a system and to such a carbure- 
tor and to such methods. 

SUMMARY OF THE INVENTION 

55 

It therefore would be desirable, and is an object of 
the present invention, to provide a fuel delivery system 
that can quickly start an internal combustion engine 
without requiring the use of an electric starter motor and 
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without being susceptible to over-priming. In accord- 
ance with one embodiment of the present invention, a 
fuel delivery system is provided that includes a carbure- 
tor housing defining an air passage through which air is 
drawn when the engine is running. The air passage has 
an inlet and an outlet The outlet is in communication 
with the engine. The fuel delivery system also includes 
means for injecting a predetermined volume of fuel into 
the air passage before the engine is cranked. 

In accordance with a second embodiment of the 
present invention, a fuel delivery system is provided that 
has a carburetor housing, a metering device including a 
flexible diaphragm, fuel supplying means, a fuel pas- 
sage, negative pressure creating means and injecting 
means. The carburetor housing defines an air passage 
through which air is drawn when the engine is running. 
The air passage has an Inlet and an outlet. The outlet is 
in communication with the engine. The fuel supplying 
means is in fluid communication with the metering 
device and is operable to supply fuel to the metering 
chamber in response to a negative pressure in the 
y metering chamber. The fuel passage conducts fuel from 
the metering chamber to the air passage. The negative 
pressure creating means creates the negative pressure 
in the metering chamber when the engine is inactive so 
as to provide fuel to the metering chamber. The injecting 
means injects a predetermined volume of fuel into the 
metering chamber overfill the metering chamber and 
thereby force fuel to exit the metering chamber and 
enter the fuel passage. The injecting means is operable 
before the engine is cranked. 

In accordance with another embodiment of the 
present invention, another fuel delivery system is pro- 
vided that has a carburetor housing and controlling 
means. The carburetor housing has an air passage with 
a throttle valve disposed therein. The air passage has 
an inlet and an outlet. The outlet is in communication 
with the engine. The controlling means simultaneously 
controls an opening of the throttle valve, a restriction of 
air flow through the air passage and an injection of a 
j predetermined volume of fuel into the air passage 
before the engine is cranked. 

It is also desirable, and is also an object of the 
present invention to provide a carburetor that can 
quickly start an internal combustion engine without 
requiring the use of an electric starter motor and without 
being susceptible to over-priming. In accordance with 
one embodiment of the present invention, a carburetor 
is provided having a housing, a fuel pump, a fuel deliv- 
ery device and a fuel injection device. The housing 
. defines an air passage through which air flows toward 
the engine. The fuel delivery device defines a fuel 
chamber for receiving fuel from the fuel pump. The fuel 
delivery device delivers fuel from the fuel chamber to 
the air passage in response to air flow through the air 
passage. The fuel injection device includes a movable 
member which at least partially defines an injection 
chamber for receiving fuel. The movable member is 
movable from a first position to a second position in 


order to eject fuel from the injection chamber into the air 
passage. 

In accordance with another embodiment of the 
present invention, the movable member of the fuel injec- 

5 tion device is operable to eject fuel from the injection 
chamber into the fuel chamber. 

It is also desirable, and is also an object of the 
present invention, to provide a method for preparing an 
internal combustion engine for starting without over- 

10 priming and without requiring the use of an electric 
starter motor. The engine has a carburetor with a fuel 
injection device and a housing defining an air passage. 
The fuel injection device has a movable member which 
at least partially defines an injection chamber, in 

75 accordance with the present invention, the injection 
chamber is filled with fuel. Air flow through the air pas- 
sage is restricted and the movable member is displaced 
so as to inject fuel into the air passage before the 
engine is cranked. 

20 It is also desirable, and is also an object of the 
present invention, to provide a method for starting an 
internal combustion engine without over-priming and 
without requiring the use of an electric starter motor. 
The carburetor has an air passage in communication 

25 with a metering chamber. Disposed within the air pas- 
sage is a throttle valve. In accordance with one embod- 
iment of the present invention, fuel is introduced into the 
metering chamber. Air flow through the air passage is 
restricted and a predetermined volume of fuel is 

30 injected into the air passage. Air is withdrawn through 
the air passage so as to draw fuel from the metering 
chamber into the air passage. 

In accordance with another embodiment of the 
present invention, the metering chamber is provided 

35 with fuel. Air flow through the air passage is restricted 
and a predetermined volume of fuel is injected into the 
metering chamber in order to overfill the metering 
chamber. Air is withdrawn through the air passage so as 
to draw fuel from the metering chamber into the air pas- 

40 sage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, aspects, and advantages of the 
45 present invention will become better understood with 
regard to the following description, appended claims, 
and accompanying drawings where: 

Fig.1 shows a schematic view of a fuel system 
so according to a first embodiment of the present 
invention; 

Fig.2 shows an end view of a carburetor and a 
choke lever according to the first embodiment 
shown in Fig.1 , wherein the choke lever is in a dis- 
55 engaged position ; 

Rg.3 shows an end view of the carburetor and the 
choke lever illustrated in Fig.2, but with the choke 
lever in an engaged position; 
Fig.4 shows a schematic view of a fuel system 
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according to a second embodiment of the present 
invention; 

Fig.5 shows a schematic view of the carburetor in a 
first modified version of the first embodiment illus- 
trated in Fig.1. wherein the carburetor includes 
valves for preventing fuel from flowing into an air 
line; 

Fig.6 shows a schematic view of the carburetor in a 
second modified version of the first embodiment 
illustrated in Fig.1, wherein an air purging device is 
integrated into the carburetor and the carburetor 
includes valves for preventing fuel from flowing into 
an air line; 

Fig. 7 shows a schematic view of a portion of the 
carburetor in a fuel system according to a third 
embodiment of the present invention; 
Fig.8 shows a side view of the carburetor and the 
choke lever in a fuel system according to a fourth 
embodiment of the present invention which auto- 
matically opens the throttle valve, wherein the 
choke lever is in a disengaged position; 
) Fig.9 shows a side view of the carburetor and the 

choke lever illustrated in Fig.8, but with the choke 
lever in an engaged position; 
Fig. 10 illustrates an embodiment of the choke lever 
having temperature compensation, wherein the 
ambient air is at a maximum temperature; 
Fig. 1 1 shows the choke lever of Fig. 10, but wherein 
the ambient air is at a minimum temperature; 
Fig. 12 shows another embodiment of the present 
invention including a travel-limited choke arm and a 
thermal spring; 

Fig. 13 shows a portion of the embodiment of Fig. 12 
having the travel-limited choke arm, wherein the 
ambient air is at a maximum temperature; and 
Fig. 14 shows a portion of the embodiment of 
Figs. 12 and 13 having the travel-limited choke arm, 
wherein the ambient air is at a minimum tempera- 
ture. 

) DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

It should be noted that in the detailed description 
which follows, identical components have the same ref- 
erence numerals, regardless whether they are shown in 
different embodiments of the present invention. It 
should also be noted that in order to clearly and con- 
cisely disclose the present invention, the drawings may 
not necessarily be to scale and certain features of the 
invention may be shown in somewhat schematic form. 

Referring now to Fig. 1, there is shown a fuel sys- 
tem 5 according to a first embodiment of the present 
invention. The fuel system 5 generally includes a carbu- 
retor 1 0, a choke lever 90, an air purging device 200 and 
a fuel tank 250. The carburetor 10 is mounted to a small 
internal combustion engine (not shown) for use in a 
portable hand-held device such as a blower, chainsaw, 
hedge trimmer, line trimmer or edger. The carburetor 10 


generally includes a mounting plate 15, a carburetor 
housing 20, an air passage 30, a diaphragm fuel pump 
40, a needle valve 80 and a fuel injection or transfer 
device 100. 

5 The air passage 30 has an inlet 31 and an outlet 32 
leading to the crankcase (not shown) of the internal 
combustion engine. Downstream of the inlet 31 % the air 
passage 30 narrows into a restriction 33. After the 
restriction 33, the air passage 30 expands into a throttle 

10 bore 34. A conventional butterfly type throttle valve 35 is 
rotatably mounted inside the throttle bore 34. The flow 
of air and atomized fuel through the air passage 30 is 
controlled by the throttle valve 35. The amount of air 
entering the inlet 31 . however, is controlled by the choke 

15 lever 90 (shown in more detail in Figs.2 and 3) which is 
rotatably mounted to the carburetor housing 20. As will 
be described in more detail later, the choke lever 90 can 
be rotated from a disengaged position wherein the 
choke lever 90 is positioned away from the inlet 31 to an 

20 engaged position wherein the choke lever 90 is posi- 
tioned over the inlet 31 . 

The diaphragm fuel pump 40 is defined by a cavity 
in the carburetor housing 20 that is divided into first and 
second chambers 42 and 44 by a flexible diaphragm 

25 pumping element 48. A main fuel supply line 50 fitted 
with a one-way flapper valve 52 and a filter 54 connects 
the second chamber 44 to the fuel tank 250. An outlet 
fuel line 60 fitted with a one-way flapper valve 62 leads 
from the second chamber 44 to the inlet of the needle 

30 valve 80. When the engine is running, engine pressure 
pulses from the crankcase (not shown) are transmitted 
through a passage 67 to the first chamber 42, causing 
the diaphragm pumping element 48 to move back and 
forth. The movement of the diaphragm pumping eie- 

35 ment 48 draws fuel from the fuel tank 250 into the sec- 
ond chamber 44 and pumps it through the outlet fuel 
line 60 to the inlet of the needle vafve 80. 

The outlet of the needle valve 80 leads into a meter- 
ing chamber 70 which is a cavity in the carburetor hous- 

40 ing 20 that is delimited on one side by a flexible 
metering diaphragm 72 adjacent to a first surface 73. 
The periphery of the metering diaphragm 72 are 
secured to the carburetor housing 20 while the center of 
the metering diaphragm 72 is engaged by a first end of 

45 a lever 74. A second end of the lever 74 is connected to 
the needle valve 80. The lever 74 is pivotally mounted to 
a pin 75 adjacent to the second end of the lever 74. A 
coil spring 76 engages the lever 74 intermediate the first 
and second ends thereof, and pivotally biases the first 

50 end of the lever 74 toward the metering diaphragm 72 
and the first surface 73, which tends to close the needle 
valve 80. When the metering diaphragm 72 is deflected 
away from the first surface 73, the lever 74 pivots about 
the pin 75 and pulls or unseats the needle valve 80, 

55 allowing fuel to enter the metering chamber 70. 

Fuel exits the metering chamber 70 through an exit 
section 71 that is connected to a first opening 151 in a 
valve passage 150. The valve passage 150 also has 
second and third openings 152, 153 that respectively 


5 



lead to a fuel supply circuit 170 and the transfer device 
100. The first opening 151 is fitted with a one-way valve 
154 that permits fuel to flow out of the metering cham- 
ber 70 while preventing fuel in the valve passage 150 
from flowing into the metering chamber 70. The second 
opening 152 is fitted with a one-way valve 155 that per- 
mits fuel to flow into the fuel supply circuit 1 70 while pre- 
venting fuel in the fuel supply circuit 170 from flowing 
into the valve passage 150. The fuel supply circuit 170 
opens into the air passage 30 through a high speed ori- 
fice 36 and a plurality of idle orifices 38. The amount of 
fuel that can exit into the air passage 30 through the 
high speed orifice 36 and idle orifices 38 is limited by a 
needle-type adjustable screw 172 in the fuel supply cir- 
cuit 1 70. Air from the air passage 30 that enters the fuel 
supply circuit 70 through the high speed orifice 36 and 
idle orifices 38 is precluded from entering the valve pas- 
sage by one-way valve 155. 

During normal operation of the engine, subatmos- 
pheric air pulses passing through the air passage 30 
and across the high speed orifice 36 and idle orifices 38 
create a negative pressure in the metering chamber 70, 
causing a displacement of the metering diaphragm 72 
away from the first surface 73. The displacement of the 
diaphragm opens the needle valve 80 and permits fuel 
to enter the metering chamber 70. Eventually, the flow 
of fuel into the metering chamber 70 increases the pres- 
sure in the metering chamber 70, causing the metering 
diaphragm 72 to move toward the wall and thereby 
close the needle valve 80 and stop the flow of fuel. The 
fuel exits the metering chamber through exit section 71 
and enters the valve passage 150 through the first 
opening 151. The fuel passes through one-way valves 
154 and 155 and then exits the valve passage 150 
through the second opening 152. Continuing into the 
fuel supply circuit 170, the fuel passes through the high 
speed orifice 36 and idle orifices 38 and enters the air 
passage 30 where it is atomised. 

As the fuel empties from the metering chamber 70, 
the pressure in the metering chamber 70 drops until the 
metering diaphragm 72 is again displaced away from 
the first surface 73 and the needle valve 80 opens. 
Thus, the metering diaphragm 72 repeatedly opens and 
closes the needle valve 80, thereby introducing metered 
amounts of fuel into the air passage 30. In this manner, 
the metering chamber 70, the diaphragm 72, the needle 
valve 80 and the other components associated there- 
with act as a fuel delivery device, delivering fuel to the 
air passage 30 in response to air flowing through the air 
passage 30. 

When the engine is running, the air purging device 
(APD) 200 and the transfer device 100 do not contribute 
to the delivery of fuel to the engine. The APD 200 and 
the transfer device 100, however, play a prominent role 
in preparing the engine for a cold starting. Together, the 
APD 200 and the transfer device 100 help introduce an 
initial predetermined volume of fuel into the air passage 
30 to prepare the engine for a cold start. 

The APD 200 has an APD housing 201 with an inlet 


10 

202 and an outlet 203 passing therethrough. A check 
valve 204, such as an umbrella valve, is disposed over 
the inlet 202. A check valve 205, such as a duck bill 
valve, is disposed in the outlet 203. A resilient domed 

5 cap 206 is secured to the top of the APD housing 201 so 
as to define a pump chamber 210. An APD inlet line 21 4 
connects the inlet 202 of the APD housing 201 to a fluid 
outlet passage 105 from the transfer device 100. An 
APD outlet line 216 connects the outlet 203 of the APD 

w housing 201 to the fuel tank 250. The check valve 204 
only permits fluidJojMow into the pump chamber 210 
from the APplnleU^ 

permits fluid to fiowout of the pump chamber 210 into 
the APD outlet line 21 6/ 

15 The transfer device 100 includes a plate-like body 
101 and a cover 102 having an orifice 103 passing 
therethrough. The body 101 has the first surface 73 and 
an opposing second surface 108. An injection or trans- 
fer chamber 1 10 is defined by the second surface 108 

20 and a resilient transfer diaphragm 1 20 that is adjacent to 
the cover 102. The transfer chamber 1 10 is constructed 
to hold a transfer volume of fuel. The transfer chamber 
1 10 is connected to the APD 200 and the valve passage 
150 by the fluid outlet passage 105 and the fuel transfer 

25 passage 1 09 respectively. 

In the first embodiment of the present invention 
illustrated in Fig.1, the transfer device 100 is designed 
to be an "add-on" for a standard diaphragm carburetor. 
The metering chamber cover of the standard diaphragm 

30 carburetor is simply removed and replaced with the 
transfer device 100. It should be appreciated, however, 
that in other embodiments of the present invention, the 
transfer device 100 can be an integral part of the carbu- 
retor housing 20. 

35 The transfer diaphragm 120 has two flat metal 
washers 112; one of the washers 1 12 is secured to an 
interior side of the transfer diaphragm 120 and another 
one of the washers 1 12 is secured to an exterior side of 
the transfer diaphragm 120. The transfer diaphragm 

40 120 is biased against the cover 102 by a spring 130 
positioned between the second surface 108 and the 
washer 112 on the interior side of the transfer dia- 
phragm 120. A stem 115 extends from the transfer dia- 
phragm 120 and projects through the orifice 103 in the 

45 cover 102. When the stem 1 15 is depressed, the trans- 
fer diaphragm 120 is displaced towards the second sur- 
face 108, reducing the volume of the transfer chamber 
110. The washers 112 provide rigidity to the transfer 
diaphragm 120 at the point where the forces from the 

so depressed stem 115 and spring 130 are applied, and 
enable maximum displacement of the entire transfer 
diaphragm 120. 

Referring now to Fig.2, an end view of the carbure- 
tor 10 shows the mounting plate 15 and the choke lever 

55 90. The choke lever 90 is rotatably mounted to the car- 
buretor 10 on a shaft 97 that passes through the mount- 
ing plate 15 and enters the carburetor housing 20. The 
choke lever 90 has an elongated portion 91 with a han- 
dle 93, a shoulder portion 96 and a semi-arcuate por- 
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tion 94. The elongated portion 91 extends from the 
handle 93 to an arcuate end 95 having an inlet orifice 92 
passing therethrough. As will be described in more 
detail later, the inlet orifice 92 is smaller than the air pas- 
sage inlet 31 and is sized to provide a rich air/fuel mix- 5 
ture for the engine. A perpendicular flange 98 projects 
inward towards the carburetor 1 0 from the shoulder por- 
tion 96. 

In Fig. 2, the choke lever 90 is in a disengaged or 
run position. The air passage inlet 31 is substantially 10 
free of obstruction and the stem 115 is in a fully 
extended position, urged outward by the action of the 
spring 130 on the transfer diaphragm 120. Thus, when 
the choke lever 90 is in the disengaged position, the air 
flow into the air passage 30 is substantially unrestricted is 
and the volume of the transfer chamber 110 is not 
reduced. 

In order to cold start the engine, the APD 200 is first 
activated. Referring back to Rg.1 , the domed cap 206 is 
manually depressed and released by the operator a 20 
number of times. When the domed cap 206 is 
depressed, air from the pump chamber 210 is expelled 
through the outlet 203 and into the APD outlet line 216. 
When the domed cap 206 is released, air from the 
transfer chamber 110 is drawn through the APD inlet 25 
line 214 and into the pump chamber 210 through inlet 
202. As a result, air from the metering chamber 70 flows 
through exit section 71 and into the first opening 151 of 
the valve passage 150. The air then exits the valve pas- 
sage 150 through the third opening 153 and enters the 30 
transfer chamber 110 where it is removed to the APD 
inlet line 214. In this manner, air is evacuated from the 
transfer chamber 110 and the metering chamber 70. 

After the domed cap 206 is depressed a number of 
times, a negative pressure will be developed in the 35 
metering chamber 70 that is sufficient to deflect the 
metering diaphragm 72 away from the first surface 73 
and open the needle valve 80, permitting fuel to enter 
the metering chamber 70. Fuel continues to flow into the 
metering chamber 70 while the domed cap 206 is being 40 
pumped, i.e., being repeatedly depressed and released. 
As a result, the metering chamber 70 becomes filled 
with fuel, causing fuel to exit the metering chamber 70 
through the exit section 71 and travel into the valve pas- 
sage 150 through the first opening 151. The fuel exits 45 
the valve passage 150 through third opening 153 and 
enters the transfer chamber 110. When the transfer 
chamber 1 10 is f illed with fuel, fuel enters the APD inlet 
line 214, passes through the pump chamber 210 and is 
expelled into the fuel tank 250 through the APD outlet so 
line 216. Once the transfer chamber 110 is filled with 
fuel, the pumping of the domed cap 206 is discontinued. 

When the operation of the APD 200 is complete, 
the choke lever 90 is activated. Specifically, the choke 
lever 90 is rotated from the disengaged position shown ss 
in Fig.2 to an engaged or start position shown in Fig. 3. 
During the rotational travel of the choke lever 90, the 
perpen^^Jar f lange 98 depresses the stem 1 15. As the 
stem 115 is depressed, the transfer diaphragm 120 is 


displaced towards the second surface 108. The dis- 
placement of the transfer diaphragm 120 reduces the 
volume of the transfer chamber 110, forcing most of the 
fuel out of the transfer chamber 110. Since the flow path 
into the APD 200 is more restrictive than the flow path 
through the fuel transfer passage 109, most of the fuel 
that is forced out of the transfer chamber 110 enters the 
fuel transfer passage 109. An amount of fuel, however, 
does enter the APD inlet line 214 through the fluid outlet 
passage 105, but this amount is minimal. The fuel that 
enters the fuel transfer passage 109 passes into the 
valve passage 150 through the third opening 153. The 
fuel then exits the valve passage 150 through one-way 
valve 155 and enters the fuel supply circuit 170. From 
the fuel supply circuit 170, the fuel enters the air pas- 
sage 130 through the high speed orifice 36 and idle ori- 
fices 38. Thus, it can be seen that the fuel transfer 
passage 1 09, valve passage 1 50 and the fuel supply cir- 
cuit 170, including the adjustable screw 172 disposed 
therein, combine to define a fuel circuit that intercon- 
nects the air passage 30. the metering chamber 70 and 
the transfer chamber 110. The travel of fuel through the 
fuel circuit from the transfer chamber 1 1 0 to the air pas- 
sage 30 is very fast and transpires almost instantane- 
ously with the displacement of the transfer diaphragm 
120. 

When the choke lever 90 reaches the engaged 
position, the stem 1 1 5 is depressed to a point where the 
transfer diaphragm 120 is fully deflected and substan- 
tially all of the transfer volume of fuel has been expelled 
from the transfer chamber 110. The volume of fuel that 
is injected into the air passage 30 when the choke lever 
90 is activated is slightly less than the transfer volume 
because of a fuel loss that occurs as a result of fuel 
entering the APD inlet 214 and as a result of residual 
fuel remaining in the transfer chamber 110 and the fuel 
supply circuit 170 after the choke lever 90 is activated. 
Since the fuel loss is substantially the same each time 
the choke lever 90 is activated, the volume of fuel 
injected into the air passage 30 when the choke lever 90 
is activated is constant. Accordingly, the transfer cham- 
ber 1 1 0 is sized such that the transfer volume minus the 
fuel loss yields a predetermined volume of fuel that will 
create an ideal air-fuel mixture for starting the engine 
when it is injected into the air passage 30 upon activa- 
tion of the choke lever 90. 

When the choke lever 90 is in the engaged position, 
the arcuate end 95 of the choke lever 90 covers the air 
passage inlet 31. In this position, the inlet orifice 92 
overlies the air passage inlet 31 and provides the only 
opening through which air may enter the air passage 
30. Thus, the movement of the choke lever 90 from the 
disengaged position to the engaged position simultane- 
ously restricts air flow into the air passage 30 and 
quickly injects the predetermined volume of fuel into the 
air passage 30. Accordingly, the carburetor 10 is placed 
in an optimal condition for starting the engine soon after 
the choke lever 90 is activated. 

When the engine is subsequently cranked either 
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manually by a pull-rope or automatically by a starter 
motor, the air and the predetermined volume of fuel in 
the air passage 30 will be sucked into the combustion 
chamber of the engine. The engine will usually start 
after the first crank since the air-fuel mixture produced s 
by the predetermined volume of fuel readily supports 
combustion. The period of time during which the engine 
runs with the choke lever 90 in the engaged position is 
referred to as the "run-on" time. During the run-on time, 
additional fuel is supplied to the air passage 30 from the io 
metering chamber 70 as a result of the increased suc- 
tion that is created by the restriction of air flow into the 
air passage 30. Once the engine has warmed up. the 
choke lever 90 is moved to the run position, which 
opens the air passage inlet 31 and permits the spring 15 
1 30 to move the transfer diaphragm 120 back to its orig- 
inal position against the cover 102. 

Since the fuel system 5 injects the predetermined 
volume of fuel into the air passage 30 before the first 
crank of the engine, the amount of restriction or choke 20 
applied to the air passage 30 does not have to be as 
great as in prior art fuel delivery systems. Accordingly, 
the area of the inlet orifice 92 in the choke lever 90 is 
substantially larger than the area of an orifice in a typi- 
cal prior art choke mechanism. The area of the inlet ori- 25 
f ice 92 is purposefully sized to fall within a desired range 
such that enough suction is created in the air passage 
30 to draw fuel for running after the engine is started, 
without producing so much suction that the engine will 
flood. Each area within the desired range 92 permits the 30 
engine to start and produce an adequate run-on time at 
typical ambient temperatures, i.e.. from 40° to 100°F. 
During the run-on time the engine will operate in a 
somewhat fuel-rich condition, which is desirable for 
warm-up purposes. As a result, the need to move to an 35 
intermediary or "half-choke" position is eliminated. 

The size of the inlet orifice 92 is proportional to the 
displacement of the engine. An example of the sizing of 
the inlet orifice 92 is presently provided. In this example, 
the engine has a capacity of 24 cubic centimeters. The 40 
diameter of the air passage 30 at the inlet 31 and in the 
throttle bore 34 is .5 inches. The diameter of the air pas- 
sage at the restriction is .289 inches. The length of the 
throttle bore 34 is .465 inches while the total length of 
the air passage 30 is 1.129 inches. With these dimen- 45 
sions. the desired range of areas for the inlet orifice 92 
was determined to be from .238 inches to .242 inches. 

In addition to eliminating the need for a full- 
choke/half-choke starting procedure, the fuel system 5 
practically eliminates the possibility of over-priming and so 
flooding the engine. Excessive fuel cannot enter the air 
passage 30 during the operation of the APD 200 or the 
activation of the choke lever 90. If the domed cap 206 of 
the APD 200 continues to be pumped after the metering 
chamber 70 and the transfer chamber 1 10 have been ss 
filled, the excess fuel will be pumped back into the fuel 
tank 250 rather than into the air passage 30 or the envi- 
ronment. When the choke lever 90 is moved to the 
engaged position, only the predetermined volume of 


fuel from the transfer chamber 110 enters the air pas- 
sage 30. Even if the engine does not start after the first 
crank, the engine will not flood as a result of subsequent 
cranks of the engine. Since the amount of restriction 
applied to the air passage 30 by the inlet orifice 92 is 
reduced, the amount of fuel drawn into the air passage 
30 by a single crank of the engine is insufficient to flood 
the engine. Air that is pulled through the air passage 30 
by a crank of the engine clears the air passage 30 of 
fuel that is drawn into the air passage by a preceding 
crank of the engine, thereby preventing a build-up of fuel 
in the air passage 30 caused by repeated cranks of the 
engine. 

Referring, now to Fig. 4, there is shown a second 
embodiment of the present invention. Specifically, Fig.4 
shows a fuel system 7 having essentially the same con- 
struction as the fuel system 5 of the first embodiment 
shown in Fig.1 except for the differences to be hereinaf- 
ter described. In the fuel system 7, the valve passage 
150 and the exit section 71 are not present. The fuel 
transfer passage 109 is connected to a transfer opening 
77 in the metering chamber 70. The fuel supply circuit 
170 is connected to an exit opening 79 in the metering 
chamber 70. A one-way valve 78 is situated in the exit 
opening 79 to prevent air from entering the metering 
chamber 70 from the fuel supply circuit 170. As in the 
first embodiment, the transfer device 1 00 in the fuel sys- 
tem 7 of the second embodiment is an add-on for a 
standard diaphragm carburetor. 

The operation of the fuel system 7 of the second 
embodiment is essentially the same as the fuel system 
5 of the first embodiment except for the differences to be 
hereinafter described. Prior to cold starting the engine, 
the APD 200 is activated. Fuel enters the metering 
chamber 70 through the needle valve 80 and subse- 
quently exits the metering chamber 70 through the 
transfer opening 77. The fuel enters the fuel transfer 
passage 109 and travels to the transfer chamber 110. 
When the transfer chamber 110 is filled with fuel, the 
operation of the APD 200 is complete. 

When the operation of the APD 200 is complete, 
the choke lever 90 is activated, causing the perpendicu- 
lar flange 98 to depress the stem 115. When the stem 
115 is depressed, the transfer diaphragm 120 is dis- 
placed towards the second surface 108. The displace- 
ment of the transfer diaphragm 120 reduces the volume 
of the transfer chamber 110, forcing most of the fuel out 
of the transfer chamber 110. Since the flow path into the 
APD 200 is more restrictive than the flow path through 
the fuel transfer passage 109, most of the fuel that is 
forced out of the transfer chamber 110 enters the fuel 
transfer passage 109. An amount of fuel, however, does 
enter the APD inlet line 214 through the fluid outlet pas- 
sage 105, but this amount is minimal. The fuel that 
enters the fuel transfer passage 109, passes through 
the transfer opening 77 and enters the metering cham- 
ber 70. As a result of residual fuel losses, the volume of 
fuel that is injected into the metering chamber 70 is 
slightly less than the transfer volume, but is still a prede- 
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termined or set volume of fuel. 

As a result of the injection of the set volume of fuel, 
the metering chamber 70 expands or "fattens" so as to 
be over-filled with fuel. Thereafter, an excess volume of 
fuel substantially equal to the set volume of fuel is 
expressed from the metering chamber 70 by the meter- 
ing diaphragm 72. The excess volume of fuel exits the 
metering chamber 70 through the exit opening 79, 
passes through the fuel supply circuit 170 and enters 
the air passage 30. The travel of the excess volume of 
fuel from the metering chamber 70 to the air passage 30 
takes a few seconds. As a result, a portion of the excess 
volume of fuel may still be retained in the metering 
chamber 70 and fuel supply circuit 1 70 when the engine 
is cranked subsequent to the activation of the choke 
lever 90. A small vacuum, however, will draw this 
retained portion into the air passage 30. Accordingly, 
after a first crank of the engine, the excess volume of 
fuel will have travelled into the air passage 30 through 
the high speed orifice 36 and idle orifices 38, creating a 
temporary fuel-rich air/fuel mixture necessary for a cold 
start. 

In the fuel system 7 of the second embodiment, the 
activation of the choke lever 90 also causes the arcuate 
end 95 of the choke lever 90 to cover the air passage 
inlet 31, thereby limiting the amount of air entering the 
air passage 30 to the flow of air passing through the 
inlet orifice 92. Thus, in the second embodiment, the 
activation of the choke lever 90 simultaneously restricts 
air flow into the air passage 30 and injects the set vol- 
ume of fuel into the metering chamber 70. causing the 
metering chamber 70 to fatten and the excess volume of 
fuel to enter the air passage 30. However, the overflow 
of the metering chamber 70 does not occur immediately 
after the activation of the choke lever 90. A few seconds 
have to transpire before the carburetor 10 is ready for an 
engine start. 

As can be appreciated, the second embodiment 
operates differently than the first embodiment. However, 
the second embodiment affords substantially the same 
) benefits as the first embodiment. In the second embod- 
iment as in the first embodiment, the amount of choke 
applied to the air passage 30 does not have to be as 
great as in prior art fuel delivery systems. Accordingly, 
the second embodiment eliminates the need for a full- 
choke/half-choke starting procedure. In addition, exces- 
sive fuel cannot enter the air passage 30 during the 
operation of the APD 200 or the activation of the choke 
lever 90. Accordingly, the second embodiment substan- 
tially reduces the chances of over-priming and flooding. 

It should be appreciated that modifications can be 
made to the first and second embodiments of the 
present invention that will prevent fuel from flowing into 
the APD inlet line 214 when the transfer diaphragm 120 
is deflected. A first modified version of the first embodi- 
ment is shown in Fig.5 having these flow prevention 
modifications. The fluid outlet passage 105 connecting 
the APD inlet line 214 to the transfer chamber 1 10 is not 
present The APD inlet line 214 is instead connected to 
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the transfer chamber 110 through an air conduit 190 
and a cavity 191. The air conduit 190 has an enlarged 
portion and a diminished portion. Although not required, 
a check valve 1 18 is disposed in the enlarged portion of 

5 the air conduit 1 90 just before the juncture of the air line 
214 and the air conduit 190. The air conduit 190 leads 
to the cavity 191 , which opens into the transfer chamber 
1 10 through the second surface 108. 

An extension 116 projects downward from the stem 

10 115 and is aligned with the cavity 191. The extension 
116 has a cylindrical body and an end flange, both of 
which readily fit inside the cavity 191. Disposed around 
the cylindrical body of the extension 116 is an annular 
sealing element 117 that extends out laterally beyond 

is the perimeter of the cavity 191. The annular sealing ele- 
ment 117 can slide up and down the cylindrical body, 
but cannot fit over the end flange. The annular sealing 
element 117 is biased against the end flange by an 
extension spring 133 positioned between the annular 

20 sealing element 117 and the washer 1 12 on the interior 
side of the transfer diaphragm 120. In this position, the 
annular sealing element 117 is located just above the 
second surface 108. 

When the choke lever 90 is activated and the stem 

25 115 is depressed, the extension 116 and the annular 
sealing element 117 move downward towards the cavity 
191. The annular sealing element 117 quickly contacts 
the second surface 108 and is prevented from moving 
downward any further. In this position, the annular seal- 
so ing element 117 seals the cavity 191 and prevents fuel 
in the transfer charriber 110 from entering the cavity 
191. However, the extension 116 slides through the 
annular sealing element 117 and travels through the 
cavity 191 until the transfer diaphragm 120 is fully 

35 deflected. In this manner, the activation of the choke 
lever 90 fully deflects the transfer diaphragm 120 and 
expresses fuel out of the transfer chamber 110 without 
displacing fuel into the APD inlet line 214. 

A second modified version of the first embodiment 

40 is shown in Fig. 6. The APD 200 has been integrated 
into the carburetor 10 and modifications have been 
made to prevent fuel flow towards the APD 200 when 
the transfer diaphragm 1 20 is deflected. The APD hous- 
ing 201 has been removed and, therefore, no longer 

45 helps define the pump chamber 21 0. Instead, the carbu- 
retor housing 20 helps define the pump chamber 210. 
The inlet 202 and the outlet 203 of the APD 200 are dis- 
posed inside the carburetor housing 20. while the resil- 
ient domed cap 206 is secured to an outside surface of 

so the carburetor housing 20. 

Another component of the APD 200 that has been 
removed is the APD inlet line 214. Since the APD 200 is 
integral with the carburetor 10, the APD inlet line 214 is 
replaced by an APD inlet passage 212 that extends 

55 through the carburetor housing 20. The APD inlet pas- 
sage 212 connects the inlet 202 to an APD conduit 192. 
The APD conduit 192 leads to a chamber 193, which 
opens into the transfer chamber 110 through the sec- 
ond surface 108. The APD conduit 192 and the cham- 
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ber 193 replace the fluid outlet passage 105. Although 
not required, a check valve 1 19 is disposed in the APD 
inlet passage 212 near the juncture of the APD inlet 
passage 212 and the APD conduit 192. 

A plug 1 40 with an upper flange is provided for seal- 
ing the chamber 193. The upper flange is secured to the 
washer 112 on the interior side of the transfer dia- 
phragm 120. The plug 140 projects downward from the 
upper flange and is aligned with the chamber 193. The 
plug 140 is sized so as to snugly fit into the chamber 

1 93. A discontinuous, ring-shaped ridge is formed in the 
second surface 108 around the periphery of the open- 
ing leading into the chamber 193. The ridge helps guide 
the plug 140 into the chamber 193 and allows fuel to 
flow into the chamber 1 93 when the APD 200 is circulat- 
ing fuel through the carburetor 10. When the choke 
lever 90 is activated and the stem 1 15 is depressed, the 
plug 140 moves downward into the chamber 193, 
thereby sealing the chamber 193 and preventing dis- 
placed fuel from entering the APD conduit 192. 

Referring now to Fig.7, there is shown a portion of 
a third embodiment of the present invention. Specifi- 
cally, Fig.7 is a schematic view of a portion of a fuel sys- 
tem 9 having essentially the same construction as the 
fuel system 7 of the second embodiment except for the 
differences to be hereinafter described. A fuel injection 
passage 107 has been added to provide a dedicated 
path from the transfer chamber 110 to the fuel supply 
circuit 1 70. For purposes of brevity, the entire fuel injec- 
tion passage 107 is not shown. Only inlet and outlet por- 
tions of the fuel injection passage 107 are shown. 
Between the inlet and outlet portions, the fuel injection 
passage 107 is continuous and does not intersect any 
other passage. 

The inlet portion of the fuel injection passage 107 
opens into a recess in a side wall of a chamber or hollow 

194. The hollow 194, in turn, opens into the transfer 
chamber 110 through a second surface 108'. Aligned 
above the hollow 194, is an extension 141 projecting 
downward from the washer 112 on the interior side of 
the transfer diaphragm 120. The hollow 194 is sized to 
receive the extension 141 in a snug manner when the 
stem 1 15 is depressed and the transfer diaphragm 120 
deflected. A ridge 104 with an interior notch is formed in 
the second surface 108 around the periphery of the 
opening leading into the hollow 194. The ridge 104 
helps guide the extension 141 into the hollow 194. 

The extension 141 has an interior cavity 145 and an 
upper flange. The interior cavity 145 extends for only a 
portion of the extension 141, beginning at the upper 
flange and projecting downward to a bottom cavity wail 
146. A bore 139 passes through the bottom of the 
extension 141 and enters the interior cavity 145 through 
an opening in the bottom cavity wall 146. The bore 139 
permits fuel that may be present in the bottom of the 
hollow 194 to enter the interior cavity 145 when the 
extension 141 is depressed, in this manner, the fuel is 
prevented from blocking the travel of the extension 141 
when the extension is depressed. 


The upper flange is secured to the washer 1 12 on 
the interior side of the transfer diaphragm 120. A pair of 
upper openings 142 are disposed on opposing sides of 
the extension 141 near the upper flange. The upper 

5 openings 142 pass through the extension 141 and into 
the interior cavity 145. A lower opening 143 is disposed 
on a side of the extension 141 that is adjacent to the 
recess in the side wall of hollow 1 94 when the extension 
141 is received in the hollow 194. The lower opening 

10 143 passes through the extension 141 and enters the 
interior cavity 145 near the bottom cavity wall 146. 

The outlet portion of the fuel injection passage 107 
opens into the air passage 30 through an opening 111. 
A check valve 160 is disposed within the outlet portion 

75 of the fuel injection passage just before the opening 
111. The check valve 160 allows fuel from the fuel injec- 
tion passage 107 to pass into the air passage 30, but 
prevents fuel or air in the air passage 30 from passing 
into the fuel injection passage 107. 

20 When the APD 200 is activated, the APD 200 evac- 
uates air from the transfer chamber 110 and the meter- 
ing chamber 70 through the fluid outlet passage 105, 
thereby causing the metering chamber- 70 to fill with 
fuel. Fuel from the metering chamber 70 travels through 

25 the fuel transfer passage 109 and enters the transfer 
chamber 110 through a check valve 162. As fuel begins 
to fill the transfer chamber 110, fuel enters the interior 
cavity 145 of the extension 141 through the upper open- 
ings 142 and the tower opening 143. Fuel continues to 

30 enter the interior cavity 145 until the interior cavity 145 
is filled with fuel. When the operation of the APD 200 is 
complete, the transfer chamber 1 10 and the interior cav- 
ity 1 45 are filled with a transfer volume of fuel that will be 
injected into the fuel injection passage 107 when the 

35 choke lever 90 is activated. The check valve 162 dis- 
posed in the fuel transfer passage 109 prevents fuel in 
the transfer chamber 110 from entering the fuel transfer 
passage 109 when the choke lever 90 is activated. 
When the choke lever 90 is activated, the choke 

40 lever 90 depresses the stem 115, thereby moving the 
transfer diaphragm 120 towards the second surface 
108. The depression of the stem 115 also moves the 
extension 141 into the hollow 194. During the initial 
movement of the extension 141 through the hollow 194, 

45 the lower opening 143 is pressed against the side wall 
of the hollow 194 and, thus, is effectively covered. How- 
ever, as the extension 141 continues to move through 
the hollow 194, the lower opening 143 passes by the 
recess and becomes uncovered. As a result, a fuel path 

so is created that extends through the upper openings 1 42, 
passes through the interior cavity 145 and exits through 
the lower opening 143. The fuel path connects the 
transfer chamber 110 with the recess in the hollow 194. 
As the transfer diaphragm 120 moves towards the sec- 

55 ond surface 108, displaced fuel travels through the fuel 
path and enters the inlet portion of the fuel injection pas- 
sage 1 07. The fuel travels to the outlet portion of the fuel 
injection passage 107 and exits into the air passage 30. 
When the choke lever 90 reaches the engaged 
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position, the stem 1 1 5 is depressed to a point where the 
transfer diaphragm 120 is fully deflected and substan- 
tially all of the transfer volume of fuel in the transfer 
chamber 110 has been expelled from the transfer cham- 
ber 1 10. As a result of residual fuel losses, however, the 
volume of fuel that is injected into the air passage 30 by 
the activation of the choke lever 90 is slightly less than 
the transfer volume, but is still a predetermined volume 
of fuel. In addition to the transfer diaphragm 120 being 
fully deflected, the extension 141 is fully inserted into 
the hollow 194, thereby causing the lower opening 143 
to be positioned below the recess. In this position, the 
lower opening 143 is again pressed against the side 
wall of the hollow 194 so as to be covered. Thus, the 
transfer chamber 110 is sealed from the fuel injection 
passage 107 when the choke lever 90 is in the engaged 
position, thereby preventing the communication of suc- 
tion from the air passage 30 to the transfer chamber 
110. 

In the fuel system 9 of the third embodiment, as in 
the first and second embodiments, the activation of the 
choke lever 90 also causes the arcuate end 95 of the 
choke lever 90 to cover the air passage inlet 31 , thereby 
limiting the amount of air entering the air passage 30 to 
the flow of air passing through the inlet orifice 92. Thus, 
in the third embodiment, the activation of the choke 
lever 90 simultaneously restricts air flow into the air pas- 
sage 30 and very quickly injects a predetermined vol- 
ume of fuel into the air passage 30. Since the fuel flow 
from the transfer chamber 110 is not impeded by the 
adjustable screw 172, the injection of fuel into the air 
passage 30 occurs even faster in the third embodiment 
than in the first embodiment. Accordingly, the activation 
of the choke lever 90 almost instantaneously places the 
carburetor 10 in an optimal condition for starting the 
engine. 

Referring now to Fig. 8, there is shown a side view 
of a portion of a fuel system according to a fourth 
embodiment of the present invention. The fourth 
embodiment has essentially the same construction as 
} the fuel system 5 of the first embodiment except for the 
differences to be hereinafter described. An angular 
extension 184 projects upward from the top of the car- 
buretor housing 20 and then projects inward toward the 
adjustment screw 172. A threaded hole (not shown) 
passes through the inward projecting portion of the 
angular extension 184. Threadably disposed within the 
hole is a screw 185 with a tapered end. The movement 
of the screw 1 85 through the hole is resisted by a spring 
186. 

A bore (not shown) passes through the carburetor 
housing 20 from the top of the carburetor 10 to the bot- 
tom of the carburetor 10. A shaft 181 is rotatably dis- 
posed within the bore and extends through the air 
passage 30. The throttle valve 35 is secured to the shaft 
1 81 so as to open and close with the rotation of the shaft 
181. Specif icaily, the throttle valve 35 opens when the 
shaft 181 rotates in a counter-clockwise direction as 
viewed from the top of the carburetor 10. Conversely, 


the throttle valve closes when the shaft 181 rotates in a 
clockwise direction as viewed from the top of the carbu- 
retor 10. A spring 182 applies a closing torque to the 
shaft 181 that urges the shaft 181 to rotate in the clock- 

5 wise direction and dose the throttle valve 35. The shaft 
extends out from the top and the bottom of the carbure- 
tor 10. A lower contact plate 180 is secured to the bot- 
tom of the shaft 181 while an upper contact plate 183 is 
secured to the top of the shaft 181. 

10 "me lower contact plate 180 has first and second 
portions extending out from the shaft 181 in opposite 
directions. The first and second portions each have a 
straight side and an opposing arcuate side. A small 
flange 188 projects downward from the arcuate side of 

is the first portion of the lower contact plate 1 80. The lower 
contact plate 180 is secured to the shaft 181 such that 
the straight sides of the first and second portions of the 
lower contact plate 180 are substantially perpendicular 
to the choke lever 90 when the throttle valve 35 is 

20 closed, as is shown in Fig.8. 

The upper contact plate 183 has an irregular- 
shaped body 1 87 with a short tab (not shown) projecting 
outward therefrom. The upper contact plate 183 is 
secured to the top of the shaft 181 such that when the 

25 throttle valve 35 is closed, the short tab extends under- 
neath the angular extension 184, but terminates just 
short of the center of the threaded hole in the angular 
extension 184. Thus, when the screw 185 is positioned 
in the hole such that the tip of its tapered end is level 

30 with the short tab. the screw 185 does not contact the 
upper contact plate 183 and the throttle valve 35 is per- 
mitted to close. However, when the screw 185 is moved 
farther through the hole, the diameter of the portion of 
the screw 185 that is level with the short tab increases. 

35 As a result, the screw 185 contacts the short tab before 
the throttle valve 35 reaches the closed position. 
Accordingly, the throttle valve 35 is prevented from clos- 
ing and a minimum opening for the throttle valve 35 is 
created by moving the screw 185 downward. Since the 

40 end of the screw 185 is tapered, the farther the screw 
185 is moved downward, the greater the minimum 
opening will be. However, once the body of the screw 
185 becomes level with the short tab, the downward 
movement of the screw 185 will no longer increase the 

45 minimum opening. 

The opening of the throttle valve 35 is accom- 
plished by the lower contact plate 180 and a tapered 
flange 99 that has been added to the semi-arcuate por- 
tion 94 of the choke lever 90. The tapered flange 99 

so projects inward towards the carburetor 10 from the 
lower portion of the substantially straight side of the 
semi-arcuate portion 94. When the choke lever 90 is in 
the disengaged position as is shown in Fig.6, the 
tapered flange 99 is located to the side of the carburetor 

55 1 0, above the lower contact plate 1 80. The throttle valve 
35 is closed as a result of the closing torque applied to 
the shaft 181 by the spring 182. In addition, the perpen- 
dicular flange of the choke lever 90 is not depressing the 
stem 115 and, although not shown, the arcuate end 95 
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of the choke lever 90 is not covering the inlet 31 to the 
air passage 30. 

When the choke lever 90 is rotated towards the 
engaged position, the tapered flange 99 moves down- 
ward and underneath the carburetor 10. During the rota- 
tional travel of the choke lever 90. the tapered flange 99 
contacts the arcuate side of the second portion of the 
lower contact plate 180, causing the lower contact plate 
180 to apply an opening torque to the shaft 181. The 
opening torque overcomes the closing torque applied by 
the spring 182 and rotates the shaft 181 in the counter- 
clockwise direction, opening the throttle valve 35. 

Referring now to Fig.9, the choke lever 90 is shown 
in the engaged position. The tapered flange 99 is 
pressed against the lower contact plate 180, holding the 
lower contact plate 180 in a position that fully opens the 
throttle valve 35. In addition, the perpendicular flange of 
the choke lever 90 is depressing the stem 115 and, 
although not shown, the arcuate end 95 of the choke 
lever 90 is covering the inlet 31 to the air passage 30. 
Thus, the rotation of the choke lever 90 from the disen- 
gaged position to the engaged position has simultane- 
ously opened the throttle valve 35, restricted air flow into 
the air passage 30 and injected the predetermined vol- 
ume of fuel into the air passage 30. 

It should be appreciated that the fourth embodi- 
ment can be provided in the fuel system 7 of the second 
embodiment instead of the illustrated fuel system 5 of 
the first embodiment. The fourth embodiment would 
have essentially the same structure as the fuel system 7 
of the second embodiment shown in Fig.4 except for the 
differences set forth above, i.e., the addition of the 
upper contact plate 1 83, the lower contact plate 1 80, the 
tapered flange 99, etc. 

Other embodiments of the present invention pro- 
vide automatic temperature compensation. Referring 
now to Fig. 1 0, there is shown a portion of a fuel system 
having essentially the same construction as either the 
fuel system 5 of the first embodiment or the fuel system 
7 of the second embodiment except for the differences 
to be hereinafter described. A compensating choke arm 
350 is shown having an arm inlet 360 and a deflecting 
element 300 for providing temperature compensation. 
The deflecting element 300 has a bimetallic lever 310 
secured at one end to the compensating choke arm 
350. The other end of the bimetallic lever 310 is fitted 
with an end piece 320 that is concave. It should be 
appreciated that the end piece 320 does not have to be 
concave and can have other shapes. The bimetallic 
lever 310 is composed of two types of metal having dif- 
ferent expansion ratios. Fig.10 shows the deflecting ele- 
ment 300 at a selected maximum temperature such as 
100° F. The bimetallic lever 310 is substantially straight 
and is resting against an outer travel limiter 331. In this 
configuration, the end piece 320 is spaced from the arm 
inlet 360, leaving the arm inlet 360 uncovered. 

The difference in expansion ratios causes the bime- 
tallic lever 310 to bend inward as the temperature drops 
from the maximum temperature. As the bimetallic lever 


310 bends inward, the end piece 320 moves over the 
arm inlet 360, effectively reducing its area. This reduc- 
tion in area decreases the amount of air that can enter 
the air passage 30 through the arm inlet 360 when the 

5 compensating choke arm 350 is activated, thereby 
increasing the vacuum in the air passage 30 when the 
engine is cranked. In this manner, the amount of vac- 
uum created in tine air passage 30 is increased as the 
temperature drops. It is desirable to increase the vac- 

w uum and, thus, the fuel draw as the temperature 
decreases because a richer mixture is required as the 
temperature decreases. 

Referring now to Fig.11, the compensating choke 
arm 350 is shown with the deflecting element 300 in a 

15 bent configuration at a selected minimum temperature 
such as 32° Fahrenheit. The bimetallic lever 310 is rest- 
ing against an inner travel limiter 332 and the end piece 
320 is covering approximately half of the arm inlet 360. 
In this configuration, the arm inlet 360 is reduced to its 

20 smallest area and will create the largest vacuum and, 
thus, the richest fuel/air ratio when the compensating 
choke arm 350 is activated and the engine is cranked. 

It should be appreciated that the size of the arm 
inlet 360, the construction of the deflecting element 300 

25 and the placement of the limiters 331, 332 are based 
upon the minimum and maximum temperatures. If the 
minimum temperature or the maximum temperature is 
changed, the size of the arm inlet 360, the construction 
of the deflecting element 300 and/or the placement of 

30 the limiters 331 , 332 would be changed. For example, if 
a higher maximum temperature such as 120° F was 
desired, the size of the arm inlet 360 would be 
increased and the construction of the deflecting ele- 
ment 300 and/or placement of the limiters 331, 332 

35 would be changed to cause the deflecting element 300 
to travel farther with changes in temperature. 

Referring now to Fig. 12, there is shown an end view 
of a portion of another embodiment of the present 
invention having temperature compensation. Specifi- 

40 cally, Fig.12 shows a portion of a fuel system having 
essentially the same construction as either the fuel sys- 
tem 5 of the first embodiment or the fuel system 7 of the 
second embodiment except for the differences to be 
hereinafter described. A travel-limited choke arm 400 is 

45 provided that is rotatably mounted to the carburetor 
housing 20 through a shaft 407. The travel-limited 
choke arm 400 has an elongated portion 401, a shoul- 
der portion 406 and a leg portion 411. The elongated 
portion 401 tapers from a semi-arcuate end 405 to a 

so smaller arcuate end 403. The semi-arcuate end 405 has 
a teardrop-shaped opening 402 passing therethrough. 
At the outer end of the shoulder portion 406 is a perpen- 
dicular flange 408 that extends inward towards the car- 
buretor 10. 

55 As with the choke lever 90, the travel -limited choke 
arm 400 has a disengaged position and an engaged 
position. However, the distance the travel-limited choke 
arm 400 can travel towards the engaged position is 
dependent upon temperature. In the disengaged posi- 
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tion, the travel-limited choke arm 400 only covers a 
small portion of the inlet 31 to the air passage 30. In 
addition, the stem 115, which is connected to the trans- 
fer diaphragm 120. is in a fully extended position, urged 
outward by the action of the spring 130 on the transfer 
diaphragm 120. 

When the travel-limited choke arm 400 is rotated 
counterclockwise away from the disengaged position, 
the travel-limited choke arm 400 will reach a point 
shown in Fig.12 wherein the perpendicular flange 408 is 
in contact with the stem 115 and substantially all of the 
teardrop-shaped opening 402 will overlie the air pas- 
sage inlet 31. If the travel-limited choke arm 400 is 
rotated counterclockwise beyond this point, the perpen- 
dicular flange 408 will depress the stem 115 and the 
narrow portion of the teardrop-shaped opening 402 will 
move away from the inlet 31, reducing the area of the 
teardrop-shaped opening 402 overlying the inlet 31. 
The farther the counterclockwise rotation, the greater 
the depression of the stem 115 and the greater the 
reduction in the overlying area of the teardrop-shaped 
opening 402. 

As the depression of the stem 115 increases, the 
amount of fuel injected into the air passage 30 
increases. As the overlying area of the teardrop-shaped 
opening 402 decreases, the vacuum in the air passage 
30 created by the cranking of the engine increases. 
Accordingly, fuel delivery to the air passage 30 
increases as the travel-limited choke arm 400 is rotated 
counterclockwise. A cam 412 (better shown in Figs. 13 
& 14) and a thermal spring 410 limit the counterclock- 
wise travel of the travel-limited choke arm 400 based 
upon temperature. The colder the temperature, the far- 
ther the travel-limited choke arm 400 can be moved in 
the counterclockwise direction. In this manner the 
amount of fuel delivered to the air passage 30 during 
engine start-up is increased as the temperature 
decreases. 

The cam 412 is rotatably mounted to the carburetor 
housing 20 through an eccentric axis 413. Since the 
axis 413 is eccentric, a portion of the cam 412 projects 
out farther from the axis 413 than the rest of the cam 
412 . The axis 413 is positioned below the semi-arcuate 
end 405 and to a side of the leg portion 41 1 . The ther- 
mal spring 410 is connected to the cam 412 and con- 
trols the rotation of the cam 412. The thermal spring 410 
is composed of two types of metal having different 
expansion ratios. The difference in expansion ratios 
causes the thermal spring 410 to change shape and 
thereby rotate the cam 412. 

Referring now to Fig. 13, the travel-limited choke 
arm 400 is shown at the maximum temperature. The 
thermal spring 410 is not shown in order to provide a 
better view of the cam 412. The thermal spring 410 
(shown in Fig.12) has rotated the cam 412 so that the 
far portion of the cam 412 is directed towards the leg 
portion 411. In this position, the cam 412 blocks the 
travel-limited choke arm 400 at a point where the stem 
1 15 is only partially depressed and the overlying area of 


the teardrop-shaped opening 402 is only slightly 
reduced. 

As the temperature decreases, the thermal spring 
410 moves the far portion of the cam 412 until the mini- 

s mum temperature is reached. Referring now to Fig. 14, 
the travel-limited choke am 400 is shown at the mini- 
mum temperature. The thermal spring 410 has rotated 
the cam 412 so that the far portion of the cam 412 is 
directed away from the leg portion 41 1 . In this position, 

io the cam 412 blocks the travel-limited choke arm 400 at 
a point where the stem 1 15 is fully depressed and the 
overlying area of the teardrop-shaped opening 402 has 
been noticeably reduced. Thus, at the minimum temper- 
ature, the travel-limited choke arm 400 is in the engaged 

is position. 

It will be appreciated that the foregoing embodi- 
ments of the present invention may undergo a number 
of modifications without departing from the scope of the 
present invention. For example an apparatus may be 

20 added for automatically moving the choke lever 90 (or 
compensating choke arm 350 or travel-limited choke ' 
arm 400) from the engaged position to the disengaged 
position after an engine start This apparatus could be 
activated by a thermal switch or by pulses from the run- 

25 ning engine. In addition, a resilient bulb or a piston could 
be used as the transfer device 100. Also, the transfer 
chamber 110 could be filled with a separate fuel pump 
It is to be understood that the description of the pre- 
ferred embodiments are intended to be only illustrative, 

30 rather than exhaustive, of the present invention. Those 
of ordinary skill will be able to make certain additions, 
deletions, and/or modifications to the embodiments of 
the disclosed subject matter without departing from the 
spirit of the invention or its scope, as defined by the 

35 appended claims. 

Claims 

1. A fuel delivery system for an internal combustion 
40 engine, said fuel delivery system comprising: 

a carburetor housing defining an air passage 
through which air is drawn when the engine is 
running, said air passage having an inlet and 
45 an outlet, said outlet being in communication 

with the engine; and 

means for injecting a predetermined volume of 
fuel into the air passage before the engine is 
cranked. 

50 

2. The fuel delivery system of claim 1 wherein the 
injecting means also restricts air flow through the 
air passage. 

55 3. The fuel delivery system of claim 2 wherein the 
injecting~means automatically adjusts the restric- 
tion of air flow to compensate for changes in ambi- 
ent temperature. 
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4. The fuel delivery system of claim 2 wherein the 
injecting means automatically adjusts the predeter- 
mined volume of fuel to compensate for changes in 
ambient temperature. 

5 

5. The fuel delivery system of claim 2 further compris- 
ing a metering device that is operable when the 
engine is running to inject metered amounts of fuel 
into the air passage, said metering device including 

a flexible diaphragm that at least partially defines a 10 
metering chamber. 

6. The fuel delivery system of claim 5 further compris- 
ing: 

15 

means for supplying fuel to the metering cham- 
ber, said fuel supplying means being in fluid 
communication with the metering device and 
operable to supply fuel to the metering cham- 
ber in response to a negative pressure in the 20 
metering chamber. 


through the fuel circuit and enter the air passage. 

10. The fuel delivery system of claim 9 wherein the 
choke lever is rotatably mounted to the carburetor 
housing. 

11. The fuel delivery system of claim 10 wherein the 
choke lever has an inlet orifice formed therein, said 
inlet orifice overlying the inlet to the air passage 
when the choke lever is in the engaged position so 
as to permit air to pass through the choke lever and 
enter the air passage. 

12. The fuel delivery system of claim 11 wherein the 
inlet orifice is sized to have an area that creates an 
optimum suction in the air passage when air is 
drawn through the inlet orifice and the air passage, 
wherein the optimum suction draws an amount of 
fuel into the air passage that does not flood the 
engine during starting and allows the engine to run 
after starting. 


7. The fuel delivery system of claim 6 wherein the 
injecting means comprises: 

a transfer device having a resilient member and 
an opposing wall which cooperate to define a 
transfer chamber, said resilient member being 
movable toward the opposing wall to eject fuel 
from the transfer chamber; and 
a fuel circuit fitted with one-way valves, said 
fuel circuit interconnecting the air passage, the 
metering chamber and the transfer chamber so 
as to permit fuel to move from the metering 
chamber and the transfer chamber to the air 
passage and to permit fuel to move from the 
metering chamber to the transfer chamber 
while preventing fuel from moving from the 
transfer chamber to the metering chamber. 

8- The fuel delivery system of claim 7 further compris- 
ing an air purging device for evacuating air from the 
transfer chamber and the metering chamber so as 
to create the negative pressure in the metering 
chamber, thereby enabling the fuel supplying 
means to supply fuel to the metering chamber and 
the transfer chamber. 

9. The fuel delivery system of claim 7 wherein the 
injecting means further comprises a choke lever 
movable between a disengaged position and an 
engaged position such that when the choke lever is 
in the disengaged position, the choke lever is 
spaced from the inlet to the air passage, and, when 
the choke lever is moved to the engaged position, 
the choke lever simultaneously restricts air flow 
through the air passage and moves the resilient 
member toward the opposing wall and thereby 
forces fuel to exit the transfer chamber, pass 


13. The fuel delivery system of claim 12 further com- 
prising means for automatically changing the area 

25 of the inlet orifice to compensate for changes in 
ambient temperature. 

14. The fuel delivery system of claim 10 further com- 
prising means, operable in response to changes in 

30 ambient temperature, for limiting movement of the 
choke lever toward the engaged position, thereby 
limiting the movement of the resilient member 
toward the opposing wall and the amount of restric- 
tion applied to the air passage. 

35 

15. A fuel delivery system for an internal combustion 
engine, said fuel delivery system comprising: 

a carburetor housing defining an air passage 
40 through which air is drawn when the engine is 

running, said air passage having an inlet and 
an outlet, said outlet being in communication 
with the engine; 

a metering device including a flexible dia- 
45 phragm, said diaphragm at least partially defin- 

ing a metering chamber ; 
means for supplying fuel to the metering cham- 
ber, said fuel supplying means being in fluid 
communication with the metering device and 
so operable to supply fuel to the metering cham- 

ber in response to a negative pressure in the 
metering chamber; 

a fuel passage for conducting fuel from the 
metering chamber to the air passage; 
55 means for creating the negative pressure in the 

metering chamber when the engine is inactive 
so as to provide fuel to the metering chamber; 
and 

means for injecting a predetermined volume of 
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fuel into the metering chamber to overfill th 
metering chamber and thereby force fuel to exit 
the metering chamber and enter the fuel pas- 
sage, said means for injecting being operable 
before the engine is cranked. 

16. The fuel delivery system of claim 15 wherein the 
injecting means also restricts the air passage. 

17. The fuel delivery system of claim 16 wherein the 
injecting means automatically adjusts the restric- 
tion of the air passage to compensate for changes 
in ambient temperature. 

18. The fuel delivery system of claim 16 wherein the 
injecting means adjusts the predetermined volume 
of fuel to automatically compensate for changes in 
ambient temperature. 

19. The fuel delivery system of claim 15 wherein the 
injecting means comprises: 

a transfer device having a resilient member and 
an opposing wall which cooperate to define a 
transfer chamber, wherein movement of the 
resilient member toward the opposing wall 
ejects fuel from the transfer chamber; and 
a transfer passage f luidly connecting the trans- 
fer chamber to the metering chamber. 

20. The fuel delivery system of claim 19 wherein the 
negative pressure creating means comprises an air 
purging device which evacuates air from the trans- 
fer chamber and the metering chamber so as to 
create the negative pressure in the metering cham- 
ber, thereby enabling the fuel supplying means to 
supply fuel to the metering chamber and the trans- 
fer chamber. 

21. The fuel delivery system of claim 20 wherein the 
injecting means further comprises means for 
restricting the air passage and means for urging the 
resilient member toward the opposing wall, 
whereby said injecting means simultaneously 
injects fuel from the transfer chamber into the 
metering chamber and restricts the air passage. 

22. A fuel delivery system for an interna) combustion 
engine, said fuel delivery system comprising: 

a carburetor housing having an air passage 
with a throttle valve disposed therein, said air 
passage having an inlet and an outlet, said out- 
let being in communication with the engine: 
and 

means for simultaneously controlling an open- 
ing of the throttle valve, a restriction of air flow 
through the air passage and an injection of a 
predetermined volume of fuel into the air pas- 


sage before the engin is cranked. 

23. The fuel delivery system of claim 22, further com- 
prising a shaft rotatably disposed in a bore passing 

5 through the carburetor housing and having an end 
protruding outward from the carburetor housing, 
said shaft having the throttle valve secured thereto 
such that the throttle valve opens when the shaft 
rotates in a first direction and the throttle valve 

10 closes when the shaft rotates in an opposite second 
direction. 

24. The fuel delivery system of daim 23 further com- 
prising: 

15 

a metering device having a flexible diaphragm, 
said diaphragm at least partially defining a 
metering chamber; and 

means for supplying fuel to the metering cham- 
20 ber, said fuel supplying means being in com- 

munication with the metering device and 
operable to supply fuel to the metering cham- 
ber when the diaphragm is deflected by a neg- 
ative pressure in the metering chamber. 

25 

25. The fuel delivery system of claim 24 wherein the 
controlling means comprises: 

a transfer device having a resilient member and 
30 an opposing wall which cooperate to define a 

transfer chamber, said resilient member being 
movable toward the opposing wall to reduce a 
volume of the transfer chamber and eject fuel 
therefrom; 

35 a fuel circuit fitted with one-way valves, said 

fuel circuit interconnecting the air passage, the 
metering chamber and the transfer chamber so 
as to permit fuel to move from the metering 
chamber and the transfer chamber to the air 

40 passage and to permit fuel to move from the 

metering chamber to the transfer chamber 
while preventing fuel from moving from the 
transfer chamber to the metering chamber; and 
a contact member secured to the protruding 

45 end of the shaft, wherein said contact member 

is engaged to rotate the shaft in the first direc- 
tion to open the throttle valve. 

26. The fuel delivery system of claim 25 further corn- 
so prising an air purging device for evacuating air from 

the transfer chamber and the metering chamber so 
as to create the negative pressure in the metering 
chamber, and thereby draw fuel into the metering 
chamber and the transfer chamber. 

55 

27. The fuel delivery system of daim 26 wherein the 
controlling means further comprises a choke lever 
movable between a disengaged position and an 
engaged position, said choke le/er being operable 
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to simultaneously engage the contact member, 
move the resilient member toward the opposing 
wall and restrict the air passage when the choke 
lever is moved to the engaged position, and thereby 
prepare the engine for starting. 

28. A carburetor for an internal combustion engine, said 
carburetor comprising: 

a housing defining an air passage through 
which air flows toward the engine; 
a fuel pump; 

a fuel delivery device defining a fuel chamber 
for receiving fuel from the fuel pump, said fuel 
delivery device being operable in response to 
air flow through the air passage to deliver fuel 
from the fuel chamber to the air passage; and 
a fuel injection device including a movable 
member which at least partially defines an 
injection chamber for receiving fuel, wherein 
said movable member is movable from a first 
position to a second position to eject fuel from 
the injection chamber into the air passage. 

29. The carburetor of claim 28 further comprising a fuel 
circuit fitted with one-way valves, said fuel circuit 
interconnecting the air passage, the fuel chamber 
and the injection chamber so as to permit fuel from 
the fuel chamber to travel to the air passage and to 
the injection chamber while preventing fuel from the 
injection chamber from travelling to the fuel cham- 
ber, said fuel circuit permitting fuel from the injec- 
tion chamber to travel into the air passage when the 
movable member is displaced from the first position 
to the second position. 

30. The carburetor of claim 29 wherein the fuel circuit 
comprises: 

a fuel supply circuit having an inlet portion and 
an outlet portion, said outlet portion having ori- 
fices that open into the air passage; 
an adjustable valve disposed in the fuel supply 
circuit between the inlet and the outlet portions, 
said adjustable valve being movable to restrict 
fuel flow between the inlet and the outlet por- 
tions; 

a fuel transfer passage having first and second 
ends, said first end being connected to the 
injection chamber; 

a valve passage fitted with the one-way valves, 
said valve passage interconnecting the fuel 
chamber, the second end of the fuel transfer 
passage and the inlet portion of the fuel supply 
circuit so as to permit fuel from the injection 
chamber to travel through the valve passage 
and into the inlet portion of the fuel supply cir- 
cuit when the movable member is displaced 
from the first position to the second position, 


the fuel travelling through the adjusting valve 
and the outlet portion and exiting into the air 
passage through the orifices. 

s 31. The carburetor of claim 29 wherein the fuel circuit 
comprises: 

a fuel supply circuit having an inlet portion con- 
nected to the fuel chamber and an outlet por- 

w tion with orifices that open into the air passage; 

an adjustable valve disposed in the fuel supply 
circuit between the inlet and the outlet portions, 
said adjustable valve being movable to restrict 
fuel flow between the inlet and the outlet por- 

is tions; 

a fuel transfer passage fitted with a first of the 
one-way valves, said fuel transfer passage 
connecting the fuel chamber and the injection 
chamber so as to permit fuel from the fuel 

20 chamber to enter the injection chamber while 

preventing fuel from the injection chamber from 
entering the fuel chamber; 
a fuel injection passage connecting the injec- 
tion chamber to the air passage so as to permit 

25 fuel from the injection chamber to travel to the 

air passage without passing through the adjust- 
able valve when the movable member is dis- 
placed from the first position to the second 
position, said fuel injection passage being fitted 

so with a second of the one-way valves to allow 

fuel from the fuel injection passage to enter the 
air passage while preventing fluid from the air 
passage from entering the fuel injection pas- 
sage. 

35 

32. A carburetor for an internal combustion engine, said 
carburetor comprising: 

a housing defining an air passage through 
40 which air flows toward the engine; 

a fuel pump; 

a fuel delivery device defining a fuel chamber 
for receiving fuel from the fuel pump, said fuel 
delivery device being operable in response to 

45 air flow through the air passage to deliver fuel 

from the fuel chamber to the air passage; and 
a fuel injection device having a movable mem- 
ber which at least partially defines an injection 
chamber for receiving fuel, said movable mem- 

so ber being operable to eject fuel from the injec- 

tion chamber into the fuel chamber. 

33. The carburetor of claim 32 wherein the fuel cham- 
ber is connected to the injection chamber by a 

55 transfer passage, said transfer passage permitting 
fuel to travel from the fuel chamber to the injection 
chamber so as to fill the injection chamber with fuel, 
said transfer passage also permitting fuel from the 
injection chamber to travel back and overfill the fuel 
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chamber. 

34. A method for preparing an internal combustion 
engine for starting, said engine having a carburetor 
with a fuel injection device and a housing defining s 
an air passage, said fuel injection device having a 
movable member which at least partially defines an 
injection chamber, said method comprising the 
steps of : 

filling the injection chamber with fuel; 
restricting air flow through the air passage; and 
displacing the movable member to thereby 
inject fuel into the air passage prior to cranking 
of the engine. 

35. The method of claim 34 wherein the steps of 
restricting air flow and displacing the movable 
member are performed simultaneously. 

36. A method for starting an interna! combustion 
engine having a carburetor with an air passage in 
communication with a metering chamber, said air 
passage having a throttle valve disposed therein, 
said method comprising the steps of: 

introducing fuel into the metering chamber; 
restricting air flow through the air passage; 
injecting a predetermined volume of fuel into 
the air passage; and 

withdrawing air from the air passage so as to 
draw fuel from the metering chamber into the 
air passage. 


engine having a carburetor with an air passage in 
communication with a metering chamber, said air 
passage having a throttle valve disposed therein, 
said method comprising the steps of: 

providing the metering chamber with fuel; 
restricting air flow through the air passage; 
injecting a predetermined volume of fuel into 
the metering chamber that overfills the meter- 
ing chamber; and 

withdrawing air from the air passage so as to 
draw fuel from the metering chamber into the 
air passage. 

43. The method of claim 42 further comprising the step 
of opening the throttle valve. 

44. The method of claim 43 wherein the steps of 
restricting air flow, injecting the predetermined vol- 
ume of fuel and opening the throttle valve are per- 
formed simultaneously. 
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37. The method of claim 36 further comprising the step 35 
of opening the throttle valve. 

38. The method of claim 37 wherein the steps of 
restricting air flow, injecting the predetermined vol- 
ume of fuel and opening the throttle valve are per- 40 
formed simultaneously. 

39. The method of claim 36 wherein the carburetor 
includes a transfer chamber and wherein the step 

of injecting the predetermined volume of fuel is 45 
comprised of the steps of: 

introducing fuel into the transfer chamber; and 
ejecting fuel from the transfer chamber. 

50 

40. The method of claim 39 further comprising the step 
of opening the throttle valve. 

41. The method of claim 40 wherein the steps of 
restricting air flow, ejecting fuel from the transfer ss 
chamber and opening the throttle valve are per- 
formed simultaneously. 

42. A method for starting an internal combustion 
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